Abstract: This paper examines the effect of MHD, and injection through one side of a long vertical channel embedded in porous medium with transpiration cooling. The governing nonlinear partial differential equations have been transformed by similarity transformation into a set of ordinary differential equations, which are solved numerically by Adam-moultan Predictor-Corrector method with Newton-Raphson Method for missing initial conditions. Proflles of dimensionless velocity, temperature and concentration are shown graphically for different parameters entering into the analysis. Also the effects of the pertinent parameters on the heat transfer rates are tabulated. An analysis of the results obtained shows that the flow field is influenced appreciably by emerging parameters of the present study.
Introduction
The study of heat transfer in porous media is a well developed field of investigation because of its importance in a variety of situations occurring in geothermal systems, microelectronic heat transfer equipment, thermal insulation, and thermoacoustic engines, which can provide cooling or heating using environmentally benign gases as the working fluid. It is also of interest in the nuclear industry, particularly in the evaluation of heat removal * E-mail: kkr_nitw@yahoo.co.in from a hypothetical accident in a nuclear reactor and to provide effective insulation. Comprehensive literature surveys concerning the subject of porous media can be found in the recent books by Pop and Ingham [1] , Vafai [2] , Bejan and Kraus [3] and Nield and Bejan [4] .
There has been a renewed interest in MHD flow and heat transfer in porous and clear domains due to the important effect of magnetic field on the performance of many systems using electrically conducting fluids such as MHD power generators, cooling of nuclear reactors, accelerators, pumps, and flow meters.
A survey of magnetohydrodynamics (MHD) studies in the technological field was reported by Moreau [5] . In view of applications, Shohel and Fraser [6] have studied the mixed convection-radiation interaction in a vertical porous channel with Entropy generation. Radiation effects on MHD flow in a porous space has been presented by Zaheer and Hayat [7] . Pal [8] investigated the magnetohydrodynamic non-Darcy mixed convection flow from a vertical heated plate embedded in a porous medium with variable porosity. Rashidi and Erfani [9] presented the analytical solution of MHD stagnationpoint flow in porous media with heat transfer. Later, Rashidi et al. [10] presented the simultaneous effects of partial slip and thermal-diffusion and diffusion-thermo on steady MHD convective flow due to a rotating disk. Recently, Turkyilmazoglu and Senel [11] considered the heat and mass transfer of the flow due to a rotating rough and porous disk. Most recently, Srinivasacharya and Upendar [12] presented the soret and dufour effects on MHD mixed convection heat and mass transfer in a micropolar fluid.
Wang and Skalak [13] were the first to present the solution for the three-dimensional problem of fluid injection through one side of a long vertical channel for a Newtonian fluid. They obtained a series solution valid for small values of the cross-flow Reynolds number and a numerical solution for both small and large cross-flow Reynolds numbers. Huang [14] has reexaminedWang and Skalak's [13] problem by using quasilinearization technique.
Later Baris et al. [15] extended the same to an incompressible non-Newtonian fluid with elastic properties. Guria et al. [16] studied the three dimensional viscous impressible fluid through a porous medium bounded by two vertical walls one wall being impermeable and other a permeable. The steady flow of an incompressible viscous fluid above an infinite rotating disk in a porous medium is studied with heat transfer was considered by Attia [17] . Mixed convection heat and mass transfer in three dimensional flow of a viscous incompressible fluid past a vertical porous plate through a porous medium with periodic permeability is analyzed by Das et al. [18] . Analytic approximate solutions for steady flow over a rotating disk in porous medium with heat transfer by homotopy analysis method has been presented by Rashidi et al. [19] . Recently, a study on heat transfer in a second-grade fluid through a porous medium with the modified differential transform method has been reported by Rashidi et al. [20] . Many of the problems in the literature deal with three dimensional flow is focused in Newtonian and non-Newtonian fluids but much attention is not given to Magnetohydrodynamics with injection effects.
So in the present study it is proposed to investigate the effects of MHD and injection on the three-dimensional convective flow of a viscous incompressible fluid through a long vertical channel embedded in a porous medium whose one side is made of a porous plate while the other is impermeable plate. The nonlinear governing equations and their associated boundary conditions are initially cast into dimensionless form by similarity transformations. Free convection flow on a stretching surface with suction and blowing presented numerically using similarity transformations by Rama Subba Reddy et al. [21] . The Adams Predictor-Corrector Method is employed to solve the governing nonlinear equations. In order to get a clear insight of the physical problem, behavior of the emerging flow parameters on the velocity and temperature are displayed through graphical illustrations.
Formulation of the Problem
Consider the steady Magnetohydrodynamic flow of a viscous incompressible fluid through a porous medium bounded by two infinite vertical plates in such a way that the plate at = 0 is impermeable and the fluid is driven in through the plate at = with the uniform velocity V . A Cartesian coordinate system is introduced with the plates lying vertically on the plane, the axis is taken along the direction of the flow, and the axis is normal to the plates. The fluid flows out through the side and bottom of the plate and due to gravity which flows in −direction also. Hence the flow becomes three dimensional. Let , , and be the velocity components in the directions of the , and axes, respectively. Let the temperature of the plates = 0 and = be T 0 and T 1 respectively. Assume that the length of the plate is much greater than the breadth and breadth is the gap between the plates. Due to this assumption the edge effects are ignored and the isobars are parallel to the − axis. The physical model and coordinate system are shown in Figure 1 . A uniform magnetic field (B 0 ) is applied perpendicular to the porous walls. Assume that the flow is steady and magnetic Reynolds number is very small so that the induced magnetic field can be neglected in comparison with the applied magnetic field. Further, assume that all the fluid properties are constant. With the above assumptions, the equations governing the steady flow of an incompressible fluid, under usual MHD approximations are 
where , and are the velocity components in , and z directions respectively, T is the temperature, C is the concentration, is the acceleration due to gravity, ρ is the density, µ is the dynamic coefficient of viscosity, P is the pressure, K is the permeability, is the coefficient of thermal conductivity, σ is the electrical conductivity, B 
Introducing the following similarity transformations [13] 
in Eqs. (2)- (5), we get the following nonlinear system of differential equations
where the primes indicate partial differentiation with respect to η alone, P = ρC is the Prandtl number, R = V ν is the Reynolds number, A is a constant to be determined, S is the permeability parameter, M is the magnetic parameter, is the normal velocity profile and is the axial velocity profile. Boundary conditions (6) 
Numerical solution of the problem
The above equations (8)- (10) Figure 2 reflects the normal velocity profiles for different values of the permeability parameter S at R = 2. As the permeability S increases the magnitude of the flow velocity reduces up to the half of the distance between the plates from the impermeable wall and then onwards reverse effect is observed when the fluid particles go nearer to the permeable plate. This because there is a sink in the fluid near the middle of the plates. Figure 3 represents the axial velocity profile for various values of S when R = 5. It can be seen from Figure 3 that the axial velocity increases with the higher permeability which is due to the gravity. For lower injection rate and permeability it is greatly reduced. The maximum velocity of the fluid occurs at the middle of the plates. Figure 4 depicts the velocity profile (η) for various values of S at R = 0 5. It can be observed that the flow velocity increases as in increase in permeability parameter (S). Figure 5 displays the effect of Magnetic parameter M on normal velocity profile when R = 0 2. It is observed that as the magnetic parameter M increases the magnitude of the flow velocity reduces up to the half of the distance between the plates from the impermeable wall and then reverse trend is observed as the fluid particles go nearer to the permeable plate. There is a sink in the fluid near the middle of the plates. Figure 6 represents the axial velocity profile for various values of M at R = 0 2. It can seen that the axial velocity increases as an increase in the magnetic field parameter, which is due to the gravity. Figure 7 shows that the tangential velocity profile (η) for various values of M when R = 0 5. It is clear that as the magnetic parameter increases, the flow velocity increases. The effect of P on the temperature profile is shown in Figure 8 . From this figure it is clearly seen that the temperature of the fluid increases significantly with the increase of Prandtl number. Heat transfer θ (η) at η = 0 (impermeable plate) and at η = 1 (porous plates) is plotted against cross flow Reynolds number for different values of S and P , is shown in Figure 9 . It is observed that for small permeability the heat transfer is more in case of water (P = 0 5) than that of air (P = 0 7) on the impermeable plate. However, a reverse tendency is observed on the porous plate. For higher permeability parameters the heat transfer remains the same on the walls and also for air and water. It is concluded that for higher Prandtl numbers the heat transfer on the impermeable plate is considerably higher than that of the porous plate. The effect of S on the non-dimensional heat transfer coefficients at both the plates η = 0 1 with for fixed Table 1 . It can be noticed that the heat transfer coefficients are decreases with the increase of S. The effect of Reynolds number R on the non-dimensional heat transfer coefficients is presented in Table 1 . It can be observed that, for fixed values of P = 0 7 and S = 0 01, the non-dimensional heat transfer coefficient at η = 0 increase with the increase of R and reverse trend is observed at η = 1. The effect of Prandtl number Pr on the heat transfer coefficients for fixed values of R = 0 2 and S = 0 01 is also presented in Table 1 . It can be seen that θ (0) increases where as θ (1) decreases with an increase in the Prandtl number. 
Results and Discussions

Conclusions
In this study, the effects of MHD and injection on the three-dimensional flow of an incompressible fluid through a long vertical channel embedded in a porous medium whose is presented. Using the similarity transformations, the governing equations are cast into dimensionless form where numerical solution has been presented for a wide range of parameters. It is observed that as the permeability S increases the magnitude of the normal velocity reduces up to the half of the distance between the plates from the impermeable wall and then onwards reverse effect and the axial and tangential velocities increases with the higher permeability. It is observed that as the magnetic parameter M increases the magnitude of the normal velocity reduces up to the half of the distance between the plates from the impermeable wall and then reverse trend is observed as the fluid particles go nearer to the permeable plate. The flow and axial velocities increases as an increase in the magnetic parameter. The temperature of the fluid increases significantly with the increase of Prandtl number. As Prandtl effect increases, the heat transfer on the impermeable plate is considerably higher than that of the porous plate. The heat transfer coefficients are decreases with the increase of S. The nondimensional heat transfer coefficient at η = 0 increase with the increase of R and reverse trend is observed at η = 1 and θ (0) increases where as θ (1) decreases with an increase in the Prandtl number.
